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Invasive oral streptococci induce inflammatory response in
human aortic endothelial cells
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ABSTRACT

Oral streptococci including Streptococcus mutans can gain access to the bloodstream and have been associated with
cardiovascular disease. However, the roles of oral streptococci in inflammation in cardiovascular disease remain unclear.
We examined the invasion of human aortic endothelial cells (HAECs) by oral streptococci and the subsequent cytokine
production by viable invaded HAECs. Furthermore, we evaluated the participation of Toll-like receptors (TLRs) and
cytoplasmic nucleotide-binding oligomerization domain (NOD)-like receptors in invaded HAECs. The oral streptococci
tested were capable of invading HAECs. The number of invasive bacteria increased with the length of the co-culture period.
After a certain co-culture period, some organisms were cytotoxic to the HAECs. Catalase and cytochalasin D inhibited the
invasion of HAECs by the organism. HAECs invaded by S. mutans Xc, Streptococcus gordonii DL1 (Challis),
Streptococcus gordonii ATCC 10558, and Streptococcus salivarius ATCC 13419 produced more cytokine (s) (interleukin-6,
interleukin-8, monocyte chemoattractant protein-1) than non-invaded HAECs, and S. mutans Xc induced the largest amounts
of cytokines. All S. mutans strains of various serotypes upregulated TLR2 and NOD2 mRNA levels in HAECs. S. mutans
Xc upregulated the intracellular TLR2 and NOD?2 protein levels in HAECs. Silencing of the TLR2 and NOD2 genes in
HAECs invaded by S. mutans Xc led to a reduction in cytokine production. These results suggest that oral streptococci may
participate in the pathogenesis of cardiovascular disease and cytokine production induced by invasive S. mutans via
intracellular TLR2 and NOD2 in HAECs may be associated with inflammation in cardiovascular disease.
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&1 OFELUYHKEOE FEIRAEKMERA~DRARE
IS FILE IR (h) (2B BRARE (CFU/ 7 = )V)
4 8 24
S. anginosus ATCC 33397 3 6 274 = 18 il
S. gordonii ATCC 10558 2%2 126 + 26 el
S. gordonii DL1 (Challis) 134 = 30 g se H a5
S. intermedius ATCC 31412 0 30 =38 el
S. mitis ATCC 6249 6 +2 144 + 38 24416 + 2754
S. mutans Xc 226 2776 + 164 12084 = 4184
S. oralis ATCC 35037 8§+4 154 = 18 27166 = 4720
S. parasanguinis ATCC 15911 6 =2 194 + 48 40916 + 4784
S. salivarius ATCC 13419 1004 + 142 8266 = 270 el
S. sanguinis ATCC 10556 4+4 50 = 14 17416 = 2362

PME = B (n=3)

B LS. mutans 1G5 5, Streptococcus
anginosus group 1 JJF % W 2 55" H &, Streptococcus
mitis/pneumoniae, S. oralis, Streptococcus gordonii,
Streptococcus cristatus 3 £ O S. anginosus group {3 %9
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AL % B 2 & (& S sanguinis, S. mitis, Streptococcus
salivarius group B & O S. mutans™ HHH E N TV 5,
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(Nagata etal., 20117 X )
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iz #45 L7z S. mutans Xc, Streptococcus
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RTE Do WISEHBILKEEZ ST HTHFA Y T —
Y REHIRINT B &, S gordonii DL1 (Challis) @t
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TIFIA T4 FA Y POERSEHET LA
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#P <0.05 (Nagata etal. 2011'7 X 1)
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WIE2ANE R L RE AR U726, NI B 5 1L-6,
IL-8, B XU MCP-1DFEEFEIIRD SN o7,
L Ladss, SIEfH 5 224 LR 381212, $T
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mutans Xc, S. gordonii ATCC 10558, 1 X O S. salivarius
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3B), WML LA M4 v OREEEZFLEL 72,
2415 B B AR\ PUAE AL L C & S (224 RIRE 38 L
7236 D S mutans Xe DI A N H A v EEAFEREIZH
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FTdh ™, IL-613 acute inflammatory phase proteins
ZHIE L T OB REA & <P PRI
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B A MIA VEEEFELZZEH,S, NEME~D
WORAZHA b4 VEALEREICHbo TS
EDHEM S NG, FFRLTHA bA A UHREES
N 5720120, T ORI N AT 238455 S 7z
WL AN MRIEN B BED D B 2 L AFBIREE

IL S. mutans & & NEYARKIRZHHAE
A. S. mutans DRAEEY A NhA U EEFER

S. mutans Xc (IMEF L7zOIPEL U EREoOH T, b
FEIIRNEZAIIBICB W TD - & b E W IL-6, TL-8,
MCP-1#EAFEREZFFO Z EDBHL NI B o 7225, Z
NBXHBEADLDODTHLPEIAWHTH %, S

=2 S mutans DE FEBIIRAEHABR~DER AR
HRE (fEAY) RAHE (%)*

MT8148 (c) 0.05 = 0.003°
Xc (¢) 1.3+04
B14 (e) 5312
P4 (e) 29.2 =+ 4.6
MT3940 (f) 212 =44

R AHE = BAWE N IIIEAAAE T T OMMREL x
100 (%)
b OSEIfE £ BEEE S (n=3) (Nagata et al., 2017 X )
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mutans X HEARFENA $ A ML AUAS B 09 2 B PL s o
LA HERE DBENZ L 5T, 4ODIMIER (¢, e, f k)
IZHhfEh b, 22 TS EF %S mutans O WK,
Tbb e (MT8148, Xc), e’ (B14, P4), B X
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(64.5-89.3%) TH Y, LIF e®l (7.0-261%), fAIL k
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IL-8DHEAEEFHET LI LEMEL TV I NS,
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Hbo BIKRWZ 12, S mutans MT81481% S. mutans
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% ), Toll-like receptors (TLRs)
nucleotide-binding oligomerization domain (NOD) -like
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WBH Sy — VB EERTH B™, TLR1, TLR2,
TLR4”™, 3 X 0" NOD2® |3 IREEALFI B BV T3
Bs¥ms 52 &, F-BIRMEALEA A 5 208k L 72
M2 BT TLR2AYIL-6, IL-8, B X " MCP-1#E (2
EERREE R L TWDEIE? PSS Tw5,
FZTHAIL, S mutans L v BRI 2 ek
#ZLFEO, & MNEIRNEMIEIZB T 5 TLR],
TLR2, TLR4, NODI, X U°NOD2® mRNA D35l
Z1)T7IVF A L PCRETHAE L7z FERITHO L b E)
MR Z AL & e _T, S mutans THIEL L 72 b BhR
PIBZ AL Cld, TLR23 X U8 NOD2 mRNA DIEIH A3
mLzz (®6)e Z?d9H S mutans Xe, P4, MT3940
B L OMZI75D RIS X 28133 L < (TLR2
mRNA (3272-4084%, NOD2 mRNA 13227-377f% ). S.
mutans B141Z £ % F ¥ T 1%, TLR2 mRNA @ 3§ 3 1%
108f%, NOD2 mRNA DFBLIZ106R T - 720 — 77,
12 ABEDE D 5 72 S, mutans MT814812 & A i T,
TLR2 mRNA DO FE8LIE3M%5, NOD2O 5 EBIISRKETH -
720 S. mutans ® W AR IZ X % TLR27% & OF 12 NOD2
mRNA DFEBLOENZ, S mutans FIFIZ X 5 e B
BRPSBZAIILC B B9 4 A4 YEEE (K5) omlh
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—U B AR mRNA IR
*P <0.05 (Nagata et al. 2017® X 1))
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(Nagata et al. 2017'¥ X 1)

EFMLL TWiz, TLR1I mRNA O%BLIX, S mutans P4
H 5V IZ OMZI75 THIF L 2258 S L 720 v
FTHNOWKRIZEWTH TLR4B X P NODI mRNA D%
BUEIMERED SN e h o 72 I S. mutans Xe TR
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